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INFLUENCE OF PREDATION THREAT ON FORAGING PATTERN : 
THE HEDGEHOG'S GAMBIT 
C.P.  DONCASTER* 
The Hedgehog (Erinaceus europaeus) is a good example of a mammal which 
has developed morphological and behavioural adaptations to predation risk, 
exhibited in its dorsal coat of spines and ability to protect the soft underbelly by 
rolling into a bali when threatened. While these can be seen as responses to a 
constant predation pressure experienced over evolutionary time, what responses 
does the individual Hedgehog have to variations in predation risk over ecological 
time (i .e .  within its own life-time) ? A growing body of evidence suggests that 
many animais do assess, and respond to, their current risk of being preyed upon, 
for example by foraging close to protective cover (squirrels : Newman & Caraco, 
1 987 ; tits : Todd & Cowie, 1 990 ; many others reviewed in Lima & Dili, 1 990), or 
joining groups and increasing scanning rates when foraging away from cover 
(guinea pigs : Cassini, 1 99 1  ) . 
Hedgehogs a void diurnal a vian predators, which might be a threat in spi te of 
the coat of spines, by keeping to an almost entirely nocturnal timetable (Morris, 
1 99 1 )  ; and the spines seem to be effective against most mammalian predators (in 
urban Oxford where hedgehogs and foxes are both abundant, Hedgehog remains 
are present in < 1 % of Fox faeces : Doncaster et al. , 1 990) . The European 
badger (Meles meles) , however, is able to unroll a Hedgehog and eat it from the 
unprotected underbelly (Neal, 1 986). Furthermore, badgers and hedgehogs are 
drawn to the same habitats where they feed by night on similar invertebrate prey, 
providing the circumstances for intra-guild predation. 
In a recent perturbation experiment (Doncaster, 1 992), hedgehogs were 
introduced into an area of Oxfordshire where they had been absent, and into a 
neighbouring area where they were known to persist. In both regions they had 
similar availability of preferred habitats and similar growth rates ; mortality and 
dispersal, however, increased where badgers were abundant and the populations 
obtained close to their original levels within 2 months of the transplant. A 
difference in the density of badgers at the two sites appeared to be the crucial 
factor regula ting Hedgehog distribution. Surveys of variation in the abundance of 
hedgehogs across Oxfordshire bear out a general negative correlation between the 
population densities of hedgehogs and badgers (Micol, Doncaster & Mackinlay, 
in prep.) .  
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The aims of this communication are to ( 1 )  illustrate why hedgehogs should 
need behavioural responses to variations in predation threat in addition to their 
morphological adaptations ; (2) look for anti-predator strategies in their foraging 
and social behaviours ; (3) explain the consequences of their spacing behaviours 
for the population dynamics of hedgehogs. 
METHODS 
Hedgehogs were sought on short grass pasture, using a red-filtered spotlight. 
They were approached on foot to be weighed, sexed and marked. For each 
animal, three to five short lengths of heat-shrink sleeving ( 1 .6 mm bores, RS 
components Ltd) were attached to individual spines, and colour coded with 
reflective tape. 
Radio-transmitters (Biotrack, Wareham, Dorset), weighing 7 g and lasting 
2-3 months were glued to spines on the rump using dental acrylic (Unifast, Wright 
Dental Supplies, London), and sprayed regularly with a weak insecticide to 
prevent infection around the roots of glued spines .  Twelve individuals (8 females 
and 4 males) were followed nightly during August and September 1 990 from a 
population of > 50 (estimated from mark-recapture) within an area of 2 km2 of
mixed arable and sheep grazing fields.  Badgers were present here at a density of 
ca. 5 per km2 (estimated from sett counts) . Radio fixes were collected at
approxima tel y 1 hr intervals. 
Their positions were compared to random coordinates generated within the 
same, convex polygon defined, area. A computer program (written in BBCBasic) 
calculated the distance of each coordinate to the nearest li ne segment demarcating 
a habitat boundary (using the algorithm described in Doncaster & Woodroffe, 
1 993).  
Interactions between individuals within the same area were quantified from 
analysis of range overlap and concordance in utilization distributions, using the 
procedures described in Doncaster ( 1 990) . 
RESULTS AND DISCUSSION 
Three of the 12 radio-tracked hedgehogs were predated over the 2-month 
period and within an area of 1 2  ha used by 9 of the tagged hedgehogs (8 females 
and 1 male) . The hedgehogs were neatly skinned, leaving only the dorsal coat of 
spines with transmitter attached, and badger hairs caught between the spines in 
two of the three pelts . 
The plot of areas used by one radio-tracked male (Fig. 1 )  show that more 
time was spent on pasture fields than in scrub or woodland, and arable fields were 
particularly avoided. Within its home range, the movements of this Hedgehog 
were no doser to, or further from, cover (given by boundary lines in Fig. 1 
identifying hedgerows and edge habitats) than expected from random movement 
within the same area. This individual, and others radio-tracked in the same area, 
was seen foraging for eathworms in the short grass ( 1  cm) of grazing pasture while 
badgers also sought the same food in the same field . When disturbed by the 
author for inspection and weighing, however, hedgehogs would sometimes run to 
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the nearest hedge or tall vegetation, characteristically remaining immobile within 
1 m inside the long vegetation, and rolling into a bali when touched. Cover may 
be exploited to increase the chance of avoiding the predator's field of view rather 
than to increase the chance of making a safe escape in the event of attack. But 
hedgehogs did not always run for cover when approached, sometimes moving 
further into the centre of fields, following disturbance. Although a Hedgehog 
foraging on short-grass pasture is more visible than one in wood or scrub, it is able 
to move less noisily in the open, and its own smell may be dissipated more readily. 
The utility of cover for a Hedgehog is therefore likely to be a complex function of 
its perceived chances of pre-empting and escaping attack (c .f. Lima et al. , 1 987, 
who suggested that sorne finches perceive cover as both safety and a source of 
attacks) . 
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Figure 1 .  - Active radio-locations (222 filled dots) of one male Hedgehog radio-tracked from 
mid-August to end September 1 990 at the Rycote study site. These were compared to a similar number 
of random coordinates, scattered within the convex polygon surrounding ali radio-locations (though 
clumped around day-rest positions [open circles] in a similar pattern to the real data, using the 
algorithm described in Doncaster & Woodroffe, 1 993). Frequency distributions of the distances from 
locations to habitat boundaries (!ines) were compared between the real and simulated data to identify 
movement patterns more restricted to edge habitats than random expectation. The proportion of 
locations < 10 rn from a boundary was lower than expectation (40 % versus 50 % ,  binomial test : 
P = 0.003) but the proportion at < 20 rn was similar to expectation (73 % versus 72 %, P = 0 .7 1 ) .  
Shaded areas are buldings. 
None of the individuals tracked showed a restriction in their locations to 
areas close to cover, and ali had similar patterns of habitat preference and 
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movements, appearing to relate to food availability more clearly than to predation 
threat at this scale of analysis .  For example, hedgehogs tended to move more 
slowly through patches of high food availability (Fig. 2) which resulted in them 
staying longer in sorne parts of the range (pasture) than in others (Tab. 1) .  
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Figure 2. - Speed of movement of foraging hedgehogs correlated with capture rate of prey items, 
from 1 8  observations of undisturbed feeding by 1 male Hedgehog (large dots, one point off graph at 
0.73, 94) and 1 female (small dots), lasting 1 to 1 5  mins (male : r = - 0.903, t = - 3 .642, P = 0.03 ; 
female : r = - 0.656, t = - 3 .0 1 3, P = 0.0 1 ) .  Observations were made on dry nights when no 
earthworms were available, and handling time of other invertebrates was negligible. 
Apparent Jack of preferences for closeness to cover by the sample of 
radio-tracked hedgehogs may be a consequence of interactions between indivi­
duals .  Subordinate animais of sorne species can incur an increased risk of 
predation if dominants monopolize safer patch es to the detriment of subordinates 
(e.g. Schneider, 1 984) . Territorial behaviour, for example, results in certain
individuals monopolizing sorne resources at the expense of others, with a 
consequent partitioning of resources that may be unequal both in terms of the 
energy gains, and the costs associated with predation threat. Evidence of 
interference between the radio-tagged hedgehogs was weak, however, with 
considerable variation in the overlap of utilization distributions (Fig. 3) .  Home 
ranges frequently but erratically shifted location (sensu Doncaster & Macdonald,
1 99 1 ), with up to 75 % of range area (3-6 ha) being replaced from one week to the 
next. 
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TABLE 1 
Movements when active of two hedgehogs, compared to simulated animais moving 
with random direction and speed (but with the same average speed) within a home 
range of the same size, and starting ( 18 : 00 hrs) andfinishing (06 : 00 hrs) activity 
at a single day-rest position . 
Successive locations on the real and mode! animais are independent after an average time given by 
Schoener's ratio (squared distance between successive observations divided by estimate of mean square 
distance to geometrie centre of home range : Schoener, 1 98 1  ) .  The autocorrelation between successive 
fixes up to 2 hrs a part indicates that the real female spends more ti me in sorne areas than her random 
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Figure 3 . - Correlation between utilization distributions (numbers of fixes in 20 x 20 rn grid­
squares) plotted against percent overlap in combined area of two Hedgehog ranges (following 
Doncaster, 1 990). Inset shows modelled utilization distributions (UDs), giving rise to the four !ines 
drawn on the graph. (a) Complete concordance in UDs, but one home-range a subset of another ; (b) 
most utilized areas of each range are shared, so UDs are skewed towards each other ; (c) areas used 
most heavily by one animal are !east used by the other ; (d) !east utilized areas are shared, so UDs are 
skewed apart. 
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CONCLUSIONS 
Earthworms constitute a substantial part of the diet of both hedgehogs and 
badgers (Yalden, 1 976 ; Dickman, 1 988 ; Hofer, 1 988), and both species are 
consequently attracted to short-grass habitats where eathworms are abundant. 
Intraguild predation on the hedgehogs by badgers appears to result in the former 
preferentially occupying regions of enemy-free space, such as gardens of urban 
settlements (Doncaster, 1 992). At Rycote Park where hedgehogs and badgers do 
occupy the same patches of habitat, the badgers are present at low density, and 
the probability of one encountering a Hedgehog may therefore be low. Observa­
tions of individual hedgehogs under semi-natural conditions suggest that they 
avoid Badger odour (Ward, in prep.) .  Similarly, free-ranging hedgehogs on a 
sports field seem to avoid foraging in parts of the field close to a Fox's earth 
(Cassini, pers. comm.), in which case a generic response to the risk of predation 
may include potential predators that show little impact at the population leve! . 
Their behavioural adaptation to the threat of predation therefore may be 
expressed only in the face of immediate danger, when they quit the dangerous 
patch (Cassini, in prep.), or region in the case of a high density population of 
badgers (Doncaster, 1 992). The hypothesis that hedgehogs avoid living in regions 
where Badger odour is encountered frequently is being further tested in experi­
mental applications of Badger odour onto habitats used by hedgehogs (Ward & 
Cassini, in prep.) .  As the distribution and abundance of badgers shows sorne 
dependency on geological features that influence sett construction (Doncaster & 
Woodroffe, 1 992), so Hedgehog distribution may be correlated with certain areas 
where geology does not favour the construction of Badger setts . 
SUMMARY 
Recent studies on the trade-offs between maximizmg food intake and 
minimizing threat of predation have suggested that foraging behaviours of many 
species may reflect perceived dangers of predation, individuals often choosing to 
forage close to cover or in groups.  Free-ranging wild hedgehogs (Erinaceus 
europaeus) radio-tracked in Oxfordshire showed no such response to predators. 
They foraged singly on exposed pasture with a random distribution of distances 
from cover, and yet they suffered a significant mortality, due to predation by 
badgers (Meles meles) . Analyses of the ranging behaviour of hedgehogs have 
helped to clarify the nature of the conflict between these two members of the same 
guild of insectivorous omnivores, and the effectiveness of different behavioural 
responses available to hedgehogs . 
RÉSUMÉ 
De récentes recherches suggèrent que le nécessaire compromis entre le besoin 
de maximiser l'ingestion de nourriture et celui de minimiser au mieux le risque de 
prédation entraîne, chez beaucoup d'espèces, des comportements indiquant 
qu'elles perçoivent le risque de prédation, ce qui les amène à « fourrager » à 
couvert ou en groupe. Les hérissons sauvages que nous avons suivis par 
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radio-pistage dans le Comté d'Oxford n'ont pas présenté de tels comportements, 
bien qu'ils soient souvent victimes de blaireaux. L'analyse des déplacements de ces 
hérissons permet de clarifier la nature du conflit entre ces deux membres d'une 
même guilde d'insectivores-omnivores, et d'apprécier l'efficacité des différentes 
réponses comportementales des hérissons. 
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